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INTRODUCTION
Colorectal cancer (CRC) usually affects people over 60 years of age and remains one of the leading causes of cancer mortality in Europe [1] . Although the involvement of several molecular factors in colorectal carcinogenesis and the invasiveness of CRC have been described, these processes are not yet fully understood [2] . In this paper, we sought to characterize the possible role of two arylsulfatases (ARSA and ARSB) in CRC behavior. As the correlation between the immunohistochemical (IHC) and gene expression of ARSB has not yet been examined in CRC, we aimed to formulate a new hypothesis about the molecular background of CRC.
Arylsulfatases are lysosomal enzymes that are able to catalyze the hydrolysis of sulfate esters. A total deficiency of ARSA is known to induce metabolic disorders such as metachromatic leukodystrophy, a lysosomal storage disorder characterized by the accumulation of cerebroside sulfate within lysosomes and the further destruction of the brain's white matter [3, 4] . Chondroitin sulfate and dermatan sulfate are the targets of ARSB, which are glycosaminoglycans. The total deficiency of ARSB leads to Maroteaux-Lamy syndrome, a genetic disorder with severe neurological dysfunction [4, 5] . The pseudodeficiency and/or extralysosomal localization of ARSA and/or ARSB is not known to cause serious health problems [4, 6] . In one of the recently published reviews of the literature, we showed that fewer than 40 papers concerning the possible role of ARSA/ARSB in tumorigenesis were published in the English literature and indexed in the Medline database prior to 2018 [4] . These studies were mainly based on cell lines and took into account malignant melanoma (about one paper), lung cancer (about two papers), urogenital cancer (about 10 papers) and CRC (about 20 papers) [4] . Independently of carcinoma localization, a decreased expression pattern of ARSA and ARSB was described in the above-mentioned papers [7] . In CRC, it seems that ARSB is expressed in normal colonic mucosa and shows a loss of intensity in tumor cells, with a role in carcinoma invasiveness and metastatic capacity [4, 7, 8] . To our knowledge, no data about the role of ARSA in CRC have yet been published [4] . In this paper, we examined the IHC expression of ARSA and ARSB in 45 CRC specimens, together with circulating ARSB gene expression. All of the obtained data were correlated with clinicopathological parameters, including the degree of budding and overall survival rate [9] . For budding quantification, we used the IHC biomarker maspin, which is a serine protease that is known to be involved in the inhibition of tumor cell proliferation, angiogenesis and apoptosis promotion [9] [10] [11] [12] . We chose Maspin for budding assessment, because it was proved to be a specific marker for budding quantification [11, 12] and an reliable prognostic and possible predictive marker, for CRC [9] [10] [11] [12] . The aim of this study was to examine the unexplored pathological significance of ARSA and ARSB, and their possible interaction with maspin in patients with CRC. ARSA/ARSB IHC expression level was correlated with maspin positivity and ARSB preoperative gene expression level, in order to see the possible positive correlation between ARSA/ARSB and maspin protein level together with ARSB gene expression and tumor behavior and agressivity.
MATERIALS AND METHODS

Selection criteria and histological assessment
The present study included 45 consecutive cases of patients who were prospectively diagnosed with CRC. The Ethical Approval of Mures County Emergency Hospital and signed informed consent was obtained before surgery.
In all of the patients, surgical resection was performed and blood was taken one day before surgery. Only those patients who survived for at least 20 d after surgery were included. No preoperative radiotherapy was performed before surgery. Cases from the upper rectum also involved the recto-sigmoid junction and no preoperative chemotherapy were administered. The patient follow-up period was between 20 and 509 d.
All of the cases comprised adenocarcinomas without distant metastases (M0). The eighth edition of the American Joint Committee on Cancer and the current World Health Organization classification were used for tumor staging. Tumor buds were quantified under light microscopy using the criteria proposed by Ueno et al [13] in 2012, adapted with the International Tumor Budding Consensus Conference criteria from 2016 [14] . To ensure the objectivity of budding assessment, maspin quantification was also conducted, based on the criteria mentioned in the previously published papers [11, 12] . Cases were divided into G1 (below five buds/HPF), G2 (five-nine buds) and G3 (over 10 isolated cells or clusters/HPF) [10] [11] [12] .
Immunohistochemical assessment of ARSA, ARSB and maspin ARSA, ARSB and maspin expression were quantified using the IHC markers presented in Table 1 . For ARSA, ARSB and maspin, cytoplasmic expression was taken into account. Although maspin can also show nuclear positivity, especially in tumor buds [12] , due to the low number of cases, the subcellular expression was not taken into account. Cases were classified as showing low or high expression, based on the percentage of positive cells and the intensity of immunostaining [10] [11] [12] .
ARSB gene expression
Circulating mRNA was isolated from all 45 patients with CRC (Table 2) , from which 2 mL of intravenous blood was taken one day before surgery. For the control group, we used blood from 45 healthy patients without inflammatory or tumor pathologies, in which colonoscopy was conducted for screening purposes. Blood mRNA isolation was performed using a Roche High Pure RNA Isolation kit (Roche Diagnostics, Germany) in line with the user's guide. Reverse transcription was conducted using a High-Capacity cDNA Reverse Transcription kit (Applied Biosystems, United States) following the recommended protocol. A Taqman Gene Expression Array was used for Arylsulfatase B gene expression, according to the user's guide (Applied Biosystems, United States), with the following PCR protocol: (1) UNG (uracil N-glycosylase) incubation 50°C, two minutes, one cycle (for preventing carryover contamination); (2) Enzyme activation 95°C, 20 s, one cycle; and (3) 
Statistical analysis
Statistical analysis was performed using GraphPad Prims8 software. A P value < 0.05 (with a 95% confidence interval) was considered statistically significant, calculated using the χ 2 (and Fisher's exact test and Yate's continuity correction) test and KruskalWallis, while the Mann-Whitney test was used for ARSB gene expression. The possible correlation between the examined IHC markers and the ARSB gene was assessed using a Venn diagram. Overall survival was evaluated using Kaplan-Meier survival curves.
RESULTS
Immunohistochemical markers and clinicopathological factors
The immunoexpression of the three examined markers (ARSA, ARSB and maspin) was not correlated with the patients' gender or age (Tables 2-4) . Although a slightly increased ARSB expression was seen in aging patients, it was not statistically significant when the age of 60 was taken into account ( Table 3 ). The median age of patients was 57 ± 13.24 years (range 26-86 years), most of whom (n = 26; 57.8%) were diagnosed with CRC over the age of 60.
ARSA and ARSB expression was not influenced by tumor localization (Tables 2 and  3 ). Most of the maspin-negative cases (n = 19; 42.22%) involved the distal colon, while the positive cases were located in the upper rectum (Table 4) .
Most of the cases (n = 33; 73.33%) showed an ulcero-infiltrative aspect, with high expression of all of the three examined markers. Independently of ARSB expression (Table 3) , polypoid tumors were mostly maspin negative (Table 4) and showed low ARSA intensity ( Table 2) .
The ARSA and maspin intensity increased in parallel with tumor dedifferentiation, with only G1 cases associated with significantly low ARSA and negative maspin (Tables 2 and 4 ). ARSB expression was high in G1 and G2 cases and particularly decreased in G3 and G4 specimens (Table 3) .
There was predominantly a loss of ARSA expression in cases diagnosed in locally advanced stages (pT3+4), without lymph node metastases, independently of the degree of tumor budding (Table 2) . ARSB immune expression was not correlated with the pT stage, pN stage, lymph node ratio or the degree of tumor budding (Table 3) . Most of the maspin-negative cases were diagnosed in the early stages (pT1+2) and did not show lymph node metastases or a high degree of budding (Table 4) .
ARSB gene expression and clinicopathological factors
In all of the patients included in the control group (n = 45), without inflammatory or tumor disorders, the circulating ARSB gene expression level was higher than one (ranging from one-five), whereas blood levels higher than one were obtained from the blood of patients with CRC. After normalization with house-keeping, glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene expression of ARSB was assessed using Kruskal-Wallis and Mann-Whitney tests [15] , with a significantly decreased ARSB gene expression (P < 0.0001) found in patients with CRC ( Figure 1) .
As a low ARSB gene expression circulating level was found in all of the patients with CRC, after relative quantification (RQ < 1) for statistical assessment (Table 5) , the cases were divided into two groups (RQ < 0.5 and RQ ≥ 0.5).
The preoperative ARSB gene circulating level did not prove to be correlated with patients' age or gender, either in the presence or absence of lymph node metastases (Table 5) . ARSB was found to have a significantly lower gene expression profile in ulcero-infiltrative tumors, especially those from the upper rectum, diagnosed in locally advanced stages (pT3+4), which showed a high degree of budding (over 10 buds/HPF) and a high grade of dedifferentiation (Table 5) . No correlation was found between ARSA and the tissue protein level of ARSB (Table  2) or its RNA circulating level ( Table 5) . The ARSB protein level in surgical specimens was inversely correlated with the preoperative ARSB gene circulating level (Table 5) . A significant direct correlation was observed between maspin and the tissue protein level of both ARSA (Table 2 ) and ARSB ( Table 3 ). The maspin protein tissue level was inversely correlated with the preoperative ARSB gene circulating level (Table 5) .
A Venn diagram illustrates that from the 45 cases, 14 (31.11%) showed positivity for maspin, high ARSA and ARSB protein levels and low ARSB gene expression ( Figure  2) . All of the 14 cases were ulcero-infiltrative carcinomas of the upper rectum, showing a high degree of budding. 
Overall survival
Examination of the independent prognostic value of the examined prognostic factors showed no correlation with overall survival for patients' age or gender (Figure 3) , or with the tumor grade of differentiation ( Figure 4) . A longer but not significant overall survival was associated with lymph node status ( Figure 4 ). Ulcero-infiltrative tumors ( Figure 3 ) with a high degree of budding and diagnosed in the T3-4 stage, especially those of lower rectum, presented a shorter overall survival rate ( Figure 4) . Triple high protein expression of ARSA, ARSB and maspin, correlated with low ARSB gene expression, were indicators of short overall survival (Figure 2 ). Multivariate correlation indicates that negative prognostic value was associated with ulcero-infiltrative carcinomas of the lower rectum, with a high degree of budding, triple positivity for ASRSA/ARSB/maspin and low ARSB gene expression. 
DISCUSSION
The present study confirms the possible role of ARSA and ARSB in colorectal carcinogenesis and tumor invasiveness. As no similar studies have previously been published in the Medline database, it is difficult to interpret the obtained results. Accordingly, we took into account the well-known clinicopathological prognostic parameters and maspin, one of the serine proteases intensely examined by our team and used in daily diagnosis for tumor budding quantification [9] [10] [11] [12] . As the previous studies proved the unquestionably prognostic role of tumor stages, the present findings show that this parameter remains an independent prognostic factor, but the most strongly statistically independent prognostic value was found for the degree of tumor budding, especially for ulcero-infiltrating tumors, in accordance with other published papers [12] [13] [14] . In the early stages (pT1/2N0 cases with low grade budding), maspin was mostly lost in tumor cells compared with normal mucosa. Maspin was found to be positive in advanced stages (pT3/4N1-2 with high grade budding), whereas ARSA was firstly high, then lost in patients with pT3/4N0 carcinomas, and re-expressed in cases with lymph node metastases. These aspects confirm that ARSA is positively maintained in the early stages, as in normal colonic mucosa, functioning as a protector of local invasiveness but not lymph vessel invasion. The ARSA protein level then decreases in parallel with local tumor invasiveness but is re-expressed when tumor cells invade the lymph vessel inva, independently of the degree of tumor budding.
Regarding ARSB, the present study confirms the previously supposed loss of ARSB expression in patients with CRCs, compared with healthy patients [7, 8] . For the first time in the literature, we have aimed to prove the possible mechanism of CRC cell ARSB-related aggressiveness. Firstly, we showed that the RNA circulating level of the ARSB gene (RQ < 1) can be used as a screening indicator of CRC, especially in patients with RQ < 0.5. On the one hand, the indicators of local aggressiveness, such as the ulcero-infiltrative aspect, advanced stage (T3,4), a high degree of budding and maspin positivity, were correlated with an ARSB gene circulating level of < 0.5, independently of the presence or absence of lymph node metastases. On the other hand, independently of the tumor stage or other clinicopathological parameters, the ARSB protein level expressed in normal colonic mucosa was maintained in CRC cells in over 75% of cases, especially in ulcero-infiltrative, well-differentiated (G1) adenocarcinomas. An inverse correlation between the circulating and protein level of ARSB was statistically shown. These aspects confirm that in early stages of colorectal carcinogenesis, maspin and ARSB are lost and then re-expressed in tumor cells, as an indicator of aggressiveness.
Although based on a small number of cases, the present study demonstrates that in early stages of carcinogenesis, both ARSA and ARSB protein expression is maintained in tumor cells. Then, the evolution depends on the arylsulfatase that is expressed the most, in correlation with other genetic or environmental factors. A loss of ARSA might indicate a high capacity of tumor cells for local invasiveness and a high risk of local recurrence after surgery. Independently of the depth of infiltration, in cases with high ARSA intensity, there is a higher risk of lymph vessel invasion and lymph node metastases, independently of ARSB expression. Although ARSB is maintained in tumor cells, its circulating level decreases in parallel with the depth of tumor infiltration. Maspin positivity remains an indicator of a high degree of tumor budding, especially for locally advanced carcinomas.
It is also worth mentioning that a triple positivity for ARSA/ARSB/maspin, correlated with an ARSB gene circulating level of < 0.5, is an indicator of a lower survival rate, independently of the other clinicopathological parameters. This association was found in one third of the cases, with a high degree of budding in each case.
In the literature, the ARSB-related potential aggressive behavior of G2/3 ulceroinfiltrative CRC is thought to be induced by either the epithelial-mesenchymal transition of CRC cells or ARSB-mediated hypoxia in colonic epithelial cells, underlining the importance of this enzyme in human CRC [7, 8, [16] [17] [18] [19] . Based on the obtained data and data from literature, it is tempting to emit a hypothesis regarding the possible role of arylsulfatases in carcinogenesis and evolution of CRC, and their possible interaction with maspin. As we have mentioned, till now, it was proved that loss of ARSA/ARSB induce metabolic disorders [3] [4] [5] [6] . It was also proved and confirmed in our material that ARSA/ARSB protein level decreases in carcinomas [4] . Based on these facts and our result, we can suppose that, in CRC, the arylsulfatases are firstly lost, possible as result of metabolism imbalance, which is specific for malignant tumors [20] . On the other hand, in parallel with decreased serum expression of ARSB gene, decreased protein levels are seen in tumor cells, in early stages.
In parallel with lymph vessels invasion, when the tumor cells metabolism is several malignant tumors such gastric carcinoma [21] , squamous cell carcinoma [22] , liposarcoma [23] and CRC [11] . As this showed that, a maspin-arylsulfatases interaction might exist, we can suppose that this interaction evokes the genetically-induced dysregulation of tumor cell metabolism.
Further studies are needed to elucidate the molecular mechanism associated with arylsulfatases in colorectal carcinogenesis and the behavior of this tumor. 
ARTICLE HIGHLIGHTS
Research background
Arylsulfatase A and B (ARSA, ARSB) are lysosomal enzymes playing an important role in cellular metabolism. It is described in the literature the genetic condition characterized by a total deficiency of these two enzymes but few aspects are known about their role in carcinogenesis and evolution of colorectal cancer (CRC).
Research motivation
As no data about the correlation of ARSA, ARSB and maspin were published yet, this study is original and represents first step in understanding the arylsulfatases influence upon malignant cells.
Research objectives
This paper aimed to compare the immunohistochemical (IHC) stain and gene expression profile of ARSA and ARSB in CRC. Correlation with maspin and classical clinicopathological parameters was also done.
tumor pathologies was used as a control group. Reverse transcription and Taqman Gene Expression Array were used for Arylsulfatase B gene expression. Statistical analysis was performed using GraphPad Prims8 software using the χ 2 and Kruskal-Wallis test, while the Mann-Whitney test was used for ARSB gene expression, considering a P-value < 0.05 (with a 95% confidence interval) statistically significant.
Research results
The preoperative gene expression level of ARSB was significantly decreased in patients with CRC (RQ < 1), compared with the control group (RQ > 1). A more significant decrease (RQ < 0.5) occurred in ulcero-infiltrative maspin-positive adenocarcinomas, with a higher degree of tumor budding, diagnosed in locally advanced stages (T3/4). The ARSB protein level in surgical specimens was inversely correlated with the preoperative ARSB gene circulating level.
Research conclusions
High IHC expression of ARSA and ARSB, correlated with maspin positivity can be used as indicators of prognosis of CRC. Triple positivity of ARSA/ARSB/maspin correlated with an ARSB gene circulating level of <0.5, is an indicator of a lower survival rate, independently of the other clinicopathological parameters.
Research perspectives
Based on the high IHC and low gene expression of ARSB, further investigations should be done, to elucidate the precise mechanism of this contradictory protein-gene expression profile.
